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| Outline

Erisir model for inhibitory interneurons
Simulations of a pair/ many
Bifurcation of a single cell

© o o o

Weak coupling analysis



I Fast spike units

# Dominant interneuron in sensory cortex

» Erisir et al (J. Neurophy. 1999)
s Two types of potassium channels
» Need sustained high frequency firing

# Synchrony of inhibition important
s Mediated by fast inhibition
s Gap junctions
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GJ networ k of 50 all:all
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Small-increase in current
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| W hat underliesthetransition?

®» Recalling the voltage traces, there appear to be small
subthreshold oscillations between spikes.

®» Suggests, possibly, mixed-mode oscillations
®» Single cell bifurcation diagram
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Voltage series
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| \W hat under liesthis behavior ?

The slow potassium conductance, gx appears to
be responsible for this
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I Weak coupling

do;
d—tj =1 —'—EH](Qk — 93)

where
/ X7 {1 8), Xolt)) di

and X *(t) is the normalized periodic solution to

D = DX (o)X (1),

The voltage component is the PRC. _|




| Pairwise.lnter actions

do
d—tl — 1+ cH(6 — 6,)
do
d—tZ — 1—|—€H(91 —02)
Letting, ¢ = 05 — 04
d
0 — H(~0) ~ H(¢) = ~2Hou(6)

Zeros of H,,.(¢) correspond to phase-locked SOlu-

tions to the full ODEs |



I Phase model for pairs

[ three phase-locked solns 1=0.7
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| Phase models explain full mod€
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| Clustering

Which modes are chosen?

0 = w + ZH )+ 0§
becomes:
op(0,t)  0J(0,t) o°9°p(0,1)
o 00 2 062

J(0,t) = p(0,1) {w + /01 H(y — 0)p(y,?) dy} -

—



I | nstability

Asynchronous state:
1

27‘(’

loses stability as the noise (¢?) decreases. Dominant mode is
determined from

p(0,t) =

2
crit

2
where a,, are sine components of H.

o

—= max{ -1

ForI =09, n=1,for] =0.8,n=2,andfor I =0.7,n = 3.

—



| W hat accountsfor the mode shift?

The “mixed modes” allow for multiple times
at which the spike can be advanced and
delays. This results In the phase-resetting
curve having high frequency components.

delay




PRCsfor. MM QOs
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M ore complicated behavior




W hat about inhibitory coupling
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Slow K. Is hecessary
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Two-d networks

=1.0
"Spiral ICs" Spiral ICs
Random ICs Spiral ICs In all 3 cases, synchrony
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| Caveats

# Coupling must be very weak
» MMO Is extremely sensitive to perturbations

# Stronger gap junctions lead to synchrony

s Larger perturbations reduce complexity of
PRCs

s Leads to a simplification of effective
Interaction function

o Similar results on coupled elliptic bursters
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